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(57) ABSTRACT

A vehicle includes a generator, an internal combustion
engine for driving the generator, a catalytic device, and a
controller for controlling the operation of the internal com-
bustion engine. At a start of the internal combustion engine
to allow the generator to start generating electricity, the
controller, until the catalytic device reaches an activated
state, operates the internal combustion engine 1n a warm-up
mode such that the driving force of the internal combustion
engine for driving the generator 1s below a value at which
clectricity 1s generated, and the controller, after the catalytic
device reaches the activated state, operates the internal
combustion engine 1 an electricity generating operating
mode such that the driving force of the iternal combustion
engine 1s enhanced to the value at which electricity 1s
generated to allow the generator to generate a predetermined
quantity of electricity.
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VEHICLE INCLUDING INTERNAL
COMBUSTION ENGINE FOR DRIVING
GENERATOR

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority to Japanese Patent Appli-
cation No. 2015-180143 filed on Sep. 11, 2015, the entire
disclosure of which 1s incorporated by reference herein.

BACKGROUND

The technique disclosed herein relates to a vehicle includ-
ing an internal combustion engine for driving a generator.

Japanese Unexamined Patent Publication No. H09-85054
discloses a vehicle including a catalytic system with an
clectric heater. In this vehicle, a first catalytic portion 1is
disposed 1n an upstream portion of an exhaust passage, and
a second catalytic portion 1s disposed downstream of the first
catalytic portion. The electric heater 1s disposed upstream of
the first catalytic portion. The electric heater heats the first
catalytic portion to promote activation of the first catalytic
portion.

Japanese Unexamined Patent Publication No. 2014-
12518 discloses a hybrid vehicle including an electric motor
for traveling and an internal combustion engine configured
to output a driving force for traveling. In this vehicle, 11 a
catalytic device disposed in an exhaust passage of the
internal combustion engine needs to be warmed up, the
internal combustion engine 1s operated while 1ts output 1s
reduced, and the insuflicient output 1s compensated by an
output from the motor. This reduces degradation of emission
performance.

SUMMARY

In a vehicle including a generator configured to generate
clectricity for travelling and an internal combustion engine
configured to drive the generator, the internal combustion
engine may start its operation during travelling with a
catalytic device mactive. In particular, 1n an electric vehicle
including a range extender for extending its cruising dis-
tance, and a so-called plug-in hybrid vehicle, when a battery
state of charge (SOC) 1s lowered, the operation of the
internal combustion engine 1s started to allow the generator
to start generating electricity. The start frequency of the
internal combustion engine 1s low 1n these vehicles. Thus, 1n
many cases, the catalytic device may be inactive at a start of
the internal combustion engine. I the output from the
internal combustion engine is increased so much as to allow
the generator to generate electricity with the catalytic device
remaining 1nactive, emissions are disadvantageously
exhausted into the atmosphere. At the time of start of the
internal combustion engine, emission performance 1s disad-
vantageously degraded.

The technique disclosed herein has been developed in
view ol the foregoing background. This technique 1s advan-
tageous to, 1 a vehicle including an internal combustion
engine for driving a generator, reduce degradation of emis-
sion performance at a start of the internal combustion
engine.

Specifically, the techmique disclosed herein relates a
vehicle including an 1nternal combustion engine for driving,
a generator. This vehicle includes: a generator mounted 1n
the vehicle and configured to generate electricity for trav-
clling; an internal combustion engine coupled to the gen-
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cerator and configured to drive the generator; a catalytic
device provided 1n an exhaust passage of the internal com-
bustion engine and configured to purily exhaust gas
exhausted from the internal combustion engine during the
operation of the internal combustion engine; and a controller
configured to control the operation of the internal combus-
tion engine.

At a start of the internal combustion engine to allow the
generator to start generating electricity, the controller, until
the catalytic device reaches an activated state, operates the
internal combustion engine in a warm-up mode such that the
driving force of the mternal combustion engine for driving
the generator 1s below a value at which electricity 1s gen-
crated after the catalytic device reaches the activated state.
After the catalytic device reaches the activated state, the
controller operates the internal combustion engine 1 an
clectricity generating operating mode such that the driving
force of the internal combustion engine 1s enhanced to the
value at which electricity 1s generated to allow the generator
to generate a predetermined quantity of electricity.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a configuration for a vehicle including
an iternal combustion engine for driving a generator.

FIG. 2 1s a bottom view 1llustrating a configuration for a
range extender.

FIG. 3 1s a block diagram showing the configuration
related to control of a range extender.

FIG. 4 1s a time chart of an engine start flag, an engine
operating state, an electrically heated catalyst (EHC) oper-
ating state, a fuel 1njection state, and a catalyst temperature
at a start of electricity generation by the generator.

DETAILED DESCRIPTION

The technique disclosed herein relates a vehicle including,
an internal combustion engine for driving a generator. This
vehicle includes: a generator mounted 1n the vehicle and
configured to generate electricity for travelling; an internal
combustion engine coupled to the generator and configured
to drive the generator; a catalytic device provided in an
exhaust passage of the internal combustion engine and
configured to purily exhaust gas exhausted from the internal
combustion engine during the operation of the internal
combustion engine; and a controller configured to control
the operation of the internal combustion engine.

At a start of the internal combustion engine to allow the
generator to start generating electricity, the controller, until
the catalytic device reaches an activated state, operates the
internal combustion engine in a warm-up mode such that the
driving force of the internal combustion engine for driving
the generator 1s below a value at which electricity 1s gen-
erated after the catalytic device reaches the activated state.
After the catalytic device reaches the activated state, the
controller operates the internal combustion engine i1n an
clectricity generating operating mode such that the driving
force of the internal combustion engine 1s enhanced to the
value at which electricity 1s generated to allow the generator
to generate a predetermined quantity of electricity (1.e.,
substantial electricity generation).

According to this configuration, at the start of the internal
combustion engine to allow the generator to start generating
clectricity, until the catalytic device reaches an activated
state, the 1mnternal combustion engine 1s operated such that
the driving force of the internal combustion engine for
driving the generator 1s below the value at which a prede-
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termined quantity of electricity 1s generated after the cata-
lytic device reaches the activated state (1.e., the warm-up
mode). In the warm-up mode, the internal combustion
engine 1s operated at a low rotational speed and a low load,
1.¢., the engine rotational speed i1s higher than an 1dling
rotational speed and the engine 1s under a load. The gen-
erator 1s 1n an electricity generating state, 1.¢., 1t generates a
smaller quantity of electricity than the predetermined quan-
tity of electricity. In the warm-up mode, the internal com-
bustion engine 1s operated while performing combustion.
This raises the temperature of the exhaust gas to raise the
temperature of the catalytic device. However, since the
output from the internal combustion engine 1s low and a
smaller quantity of fuel 1s supplied to the internal combus-
tion engine, a smaller amount of emissions 1s exhausted
from the internal combustion engine. With the gradual rise
in temperature of the catalytic device in the warm-up mode,
the purification rate of the catalytic device 1s enhanced. This
avolds degradation of emission performance. In the warm-
up mode, the activation of the catalytic device 1s promoted
while degradation of the emission performance 1s avoided.

After the catalytic device reaches the activation state, the
output from the internal combustion engine 1s enhanced.
This allows the generator to start generating a predetermined
quantity of electricity (1.e., the electricity generating oper-
ating mode). In the electricity generating operating mode,
the catalytic device 1s active to avoid degradation of emis-
s10n performance.

When the internal combustion engine 1s started to allow
the generator to substantially generate electricity, the warm-
up mode 1s mmplemented prior to the start of generating
clectricity. This avoids degradation of the emission perfor-
mance. This also allows the generator to rapidly start sub-
stantially generating electricity.

The catalytic device may include a front stage catalytic
portion and a rear stage catalytic portion disposed down-
stream of the front stage catalytic portion. The controller
may 1mplement the electricity generating operating mode
after the front stage catalytic portion reaches an activated
state 1n the warm-up mode.

The front stage catalytic portion 1s located closer to the
internal combustion engine than the rear stage catalytic
portion 1s, and thus, can be activated earlier. In the warm-up
mode, the activation of the front stage catalytic portion 1s
promoted. The front stage catalytic portion 1s activated
carlier to further reduce the exhaust of emissions during the
warm-up mode.

After the catalytic device reaches the activation state, the
degradation of emission performance 1s reduced even if the
output from the internal combustion engine 1s enhanced.
When the front stage catalytic portion reaches the activated
state, the warm-up mode 1s ended, and the electricity gen-
erating operating mode 1s started. This allows the generator
to rapidly start substantially generating electricity. In the
clectricity generating operating mode, the output from the
internal combustion engine 1s enhanced to raise the tem-
perature of exhaust gas. Thus, the rear stage catalytic portion
1s also rapidly activated. If the rear stage catalytic portion 1s
activated, the emission performance 1s improved.

The controller, after switching from the warm-up mode to
the electricity generating operating mode, may change the
operating state of the internal combustion engine such that
the ability of the generator to generate electricity 1s gradu-
ally enhanced. That 1s to say, immediately after a switch 1s
made to the electricity generating operating mode, the
output from the internal combustion engine 1s gradually, not
abruptly, enhanced with, e.g., an increase 1n purification rate
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of the catalytic device 1n the electricity generating operating
mode. This may further improve the emission performance.

The vehicle including the internal combustion engine for
driving the generator may further include an electric heater
disposed upstream of the catalytic device in the exhaust
passage and configured to heat the catalytic device. The
controller may implement an initial mode of heating the
catalytic device by operating the electric motor prior to the
warm-up mode.

In the mmitial mode, the electric heater heats the catalytic
device. In the initial mode, the internal combustion engine 1s
not operated, thereby making it possible to promote activa-
tion of the catalytic device without exhausting the emissions
into the atmosphere.

The generator may be a generator motor capable of
driving the internal combustion engine, and the controller
may allow the generator to drive the internal combustion
engine 1n the mnitial mode.

Driving the internal combustion engine generates a gas
flow 1n the exhaust passage in an upstream-to-downstream
direction. The heat generated at the electric heater 1s sent to
the catalytic device together with this gas flow. This may
ciliciently raise the temperature of the catalytic device.

The catalytic device may include a front stage catalytic
portion and a rear stage catalytic portion disposed down-
stream of the front stage catalytic portion. The controller
may allow the electric heater to heat the catalytic device
until the front stage catalytic portion reaches an activated
state prior to the warm-up mode, and may implement the
warm-up mode after the front stage catalytic portion reaches
the activated state. The controller may also implement the
clectricity generating operating mode after the rear stage

catalytic portion reaches an activated state in the warm-up
mode.

In the mitial mode prior to the warm-up mode, the electric
heater activates the front stage catalytic portion. This may
promote activation of the front stage catalytic portion with-
out operating the internal combustion engine. After the front
stage catalytic portion reaches the activated state, the inter-
nal combustion engine 1s started. This ensures emission
performance since the front stage catalytic portion 1s acti-
vated.

In the warm-up mode, high-temperature exhaust gas
exhausted from the internal combustion engine promotes the
activation of the rear stage catalytic portion. This may
rapidly raise the temperature of the rear stage catalytic
portion while avoiding degradation of emission perfor-
mance. In the warm-up mode of operating the internal
combustion engine, the operation of the electric heater 1s
stopped. This reduces electricity consumption. Also, the
clectric heater 1s used only to activate the front stage
catalytic portion, and thereby may have a small capacity.
This may reduce the size and weight of the electric heater.

If the front and rear stage catalytic portions are both

activated, the electricity generating operating mode 1s 1mple-
mented. Thus, the output from the internal combustion
engine 1s enhanced to substantially start generating electric-
ity. This improves the emission performance since the front
and rear stage catalytic portions are both activated.
The controller may receive a count signal from a timer,
and may output a signal for switching from the warm-up
mode to the electricity generating operating mode upon
clapse of a preset duration based on the count signal.

The controller also may output a signal for switching from
the 1mitial mode to the warm-up mode upon elapse of a preset

duration based on the count signal.
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Furthermore, the controller may output a signal for stop-
ping the electric heater and a signal for starting the warm-up
mode upon elapse of a first preset duration based on the
count signal, and also output a signal for switching from the
warm-up mode to the electricity generating operating mode
upon e¢lapse of a second preset duration based on the count
signal.

The vehicle may include a travelling electric motor con-
figured to be operated with electricity of a battery, and the
generator and the internal combustion engine may serve as
a range extender configured to extend a cruising distance of
the vehicle 11 the SOC of the battery 1s lowered.

In the electric vehicle including the range extender, the
internal combustion engine 1s started to start generating
clectricity (i.e., the electricity generating operating mode 1s
implemented to start the original electricity generation) if
the SOC of the battery 1s lowered. Thus, the start frequency
of the internal combustion engine 1s low. At the start of the
internal combustion engine, the catalytic device 1s mostly
mactive. The techmque disclosed herein, as stated above,
implements at least the warm-up mode prior to generation of
clectricity by the generator even 1f the catalytic device 1s
iactive. This avoids degradation of emission performance
at the start of the internal combustion engine. Accordingly,
the techmique disclosed herein is suitable to a range extender
clectric vehicle. The techmique disclosed heremn 1s also
applicable to a plug-in hybrid vehicle in which the start
frequency of the internal combustion engine 1s low as in the
range extender electric vehicle.

The wvehicle disclosed heremn includes: a generator
mounted 1n the vehicle and configured to generate electricity
for travelling; an internal combustion engine coupled to the
generator and configured to drive the generator; a catalytic
device provided 1n an exhaust passage of the internal com-
bustion engine and configured to purily exhaust gas
exhausted from the internal combustion engine during the
operation ol the internal combustion engine; a catalyst
temperature obtaining unit configured to obtain a tempera-
ture information of the catalytic device; and an engine
controller configured to receive a signal from the catalyst
temperature obtaining unit and output a control signal to the
internal combustion engine.

At a start of the internal combustion engine to allow the
generator to start generating electricity, the engine control-
ler, until the catalytic device reaches an activated state based
on a signal from the catalyst temperature obtaining unit,
outputs a signal for operating the internal combustion engine
such that the driving force of the internal combustion engine
tor driving the generator 1s below a value at which electricity
1s generated after the catalytic device reaches the activated
state, and the engine controller, after the catalytic device
reaches the activated state based on a signal from the catalyst
temperature obtaining unit, also outputs a signal for oper-
ating the internal combustion engine such that the driving
force of the internal combustion engine 1s enhanced to the
value at which electricity 1s generated to allow the generator
to generate a predetermined quantity of electricity.

The vehicle may further includes an electric heater dis-
posed downstream of the catalytic device in the exhaust
passage and configured to heat the catalytic device. The
engine controller may output a signal for operating the
clectric heater prior to the start of the internal combustion
engine, and outputs, based on a signal from the catalyst
temperature obtaining unit, a signal for stopping the electric
heater and a signal for starting the internal combustion
engine.
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The internal combustion engine may include an 1njector
configured to inject fuel that 1s to be supplied to a chamber,
a spark plug configured to 1gnite an air-fuel mixture in the
chamber, and a throttle valve configured to regulate the
amount of air that 1s to be introduced 1nto the chamber. The
engine controller may output a control signal to each of the
injector, the spark plug, and the throttle valve.

A method of driving a generator using an internal com-
bustion engine in a vehicle includes: starting the internal
combustion engine configured to drive the generator; until a
catalytic device configured to purily exhaust gas exhausted
from the internal combustion engine reaches an activated
state, operating the internal combustion engine such that the
driving force of the internal combustion engine for driving
the generator 1s below a value at which electricity 1s gen-
erated after the catalytic device reaches the activated state;
and, after the catalytic device reaches the activated state,
operating the internal combustion engine such that the
driving force of the internal combustion engine 1s enhanced
to the value at which electricity 1s generated to allow the
generator to generate a predetermined quantity of electricity.

The above method may further include changing the
operating state of the internal combustion engine such that
the ability of the generator to generate electricity 1s gradu-
ally enhanced.

The above method may further include operating an
clectric heater configured to heat the catalytic device prior to
the start of the internal combustion engine.

The above method may still further include driving the
internal combustion engine by the generator where the
clectric heater 1s 1n operation.

The vehicle including an 1nternal combustion engine for
driving a generator disclosed herein will now be described
with reference to the drawings. The following description 1s
a mere example. FIG. 1 illustrates a configuration of a
vehicle including an internal combustion engine for driving
a generator. This vehicle 1s an electric vehicle 1. This electric
vehicle 1 includes a charging plug through which a battery
22 can be charged with electricity by a standard charger or
quick charger, although it 1s not illustrated. This electric
vehicle 1 also includes a range extender 4 for extending its
cruising distance.

As 1llustrated 1n FIG. 1, this electric vehicle 1 includes an
clectric motor 21 for travelling, the battery 22, and an
inverter 23. The battery 22 accumulates electricity for trav-
clling. The battery 22 1s configured as a lithium-ion battery,
for example, but 1s not limited to the lithium-ion battery. The
clectric motor 21 1s supplied with electricity from the battery
22 via the inverter 23. The electric motor 21 drives driving
wheels, 1.e., front wheels 31 1n the example of FIG. 1.
Driving the front wheels 31 allows the electric vehicle 1 to
travel. The electric motor 21 also functions as a generator at,
¢.g., deceleration. The battery 22 1s charged with regenera-
tive electricity.

The range extender 4 has a generator 41, an internal
combustion engine 42 configured to drive the generator 41,
and a fuel tank 43 configured to store fuel that 1s to be
supplied to the internal combustion engine 42. The generator
41 generates electricity with which the battery 22 1s charged.
The electricity generated by the drive of the generator 41 1s
supplied to the battery 22 via the inverter 23. The generator
41 1s driven by receiving electricity supplied from the
battery 22 to also function as a starter for starting the internal
combustion engine 42, as described later.

The internal combustion engine 42 has an output shaft
coupled to the generator 41, although 1t 1s not specifically
illustrated. The internal combustion engine 42 1s operated by
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receiving fuel supplied from the fuel tank 43. The operation
of the internal combustion engine 42 drives the generator 41
to allow the generator 41 to generate electricity. In this
example, the internal combustion engine 42 1s a small rotary
piston engine with one rotor.

FIG. 2 1illustrates a configuration of the rear part of the
clectric vehicle 1. FIG. 2 1s a bottom view of the rear part of
the electric vehicle 1. The range extender 4 1s provided as a
unit, and 1s mounted 1n the rear part of the electric vehicle
1. Specifically, the range extender 4 1s disposed behind a rear
cross member 11 extending in the vehicle width direction
and between a pair of rear side frames 12, 12 extending 1n
the vehicle longitudinal direction. The range extender 4 1s
disposed between right and left rear wheels 32, 32.

As described above, the mternal combustion engine 42
configured as a small rotary piston engine with one rotor 1s
disposed 1n the right-handed portion of the vehicle 1n the
vehicle width direction. The rotary piston engine has a
substantially triangular rotor, a rotor housing which houses
the rotor, and a pair of side housings which sandwich the
rotor housing therebetween to delimit a rotor housing cham-
ber, although they are not specifically illustrated. In three
chambers formed between the trochoid inner peripheral
surface of the rotor housing and the rotor, intake, compres-
sion, expansion, and exhaust strokes take place, thereby
generating a rotating force of the rotor. The rotating force of
the rotor 1s output from an eccentric shait serving as an
output shaft of the rotary piston engine. In this example, the
internal combustion engine 42 1s disposed such that the
eccentric shaft extends vertically. An intake port of the
internal combustion engine 42 1s, not specifically 1llustrated,
provided 1n the rotor housing, and 1s opened forward in the
vehicle longitudinal direction. An exhaust port of the inter-
nal combustion engine 42 is provided 1n the side housing in
the front part of the internal combustion engine 42, and 1s
opened forward.

An imtake passage 3 and an exhaust passage 6 are con-
nected to the internal combustion engine 42. The intake
passage 5 1s disposed forward of the internal combustion
engine 42 so as to extend leftward in the vehicle width
direction. An air cleaner 51 attached to the left end of the
intake passage S 1s disposed 1n the left-handed portion of the
vehicle 1 the vehicle width direction. The intake passage 5
1s provided with a throttle body 52 housing the throttle valve
423 (see FIG. 3) 1n its midway.

The exhaust passage 6 1s disposed forward of the internal
combustion engine 42 and below the intake passage 5. The
exhaust passage 6 1s also disposed so as to extend leftward
in the vehicle width direction. The exhaust passage 6 1s bent
at substantially the intermediate portion in the vehicle width
direction so as to extend backward in the vehicle longitu-
dinal direction. The rear end of the exhaust passage 6 is
connected to a silencer 61.

A catalytic device 7 1s provided in the midway of the
exhaust passage 6. The catalytic device 7 has a front stage
catalytic portion 71 disposed 1n an upstream portion of the
exhaust passage 6, and a rear stage catalytic portion 72
disposed downstream of the front stage catalytic portion 71.
The front and rear stage catalytic portions 71 and 72 each
house a three-way catalyst. An electrically heated catalyst
(EHC) 73, functioning as an electric heater, 1s disposed
upstream of the front stage catalytic portion 71. The EHC 73
and the front stage catalytic portion 71 are integrated
together, and disposed so as to extend 1n the vehicle width
direction 1n the example of the figure. The rear stage
catalytic portion 72 1s disposed so as to extend 1n the vehicle
longitudinal direction in the example of the figure.
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The generator 41 1s disposed on the left side of the internal
combustion engine 42 in the vehicle width direction. The
generator 41 1s disposed around the imntermediate portion of
the electric vehicle 1 1n the vehicle width direction. The
output shaft of the internal combustion engine 42 and the
rotating shait of the generator 41 are coupled together
through an endless member such as a belt, which 1s not
1llustrated.

The fuel tank 43 1s disposed on the left side of the
generator 41 1n the vehicle width direction. The fuel tank 43
1s formed 1nto a shape close to a cube. The fuel tank 43 of
the range extender 4 has a predetermined limited capacity.
The fuel tank 43 i1s connected to an internal combustion
engine 42 through a fuel supply pipe, although 1t 1s not
illustrated 1 FIG. 2. The inverter 23 1s disposed on the left
side of the fuel tank 43 1n the vehicle width direction.

FIG. 3 shows a configuration related to running control of
the electric vehicle 1 including the range extender 4. The
clectric vehicle 1 includes a powertrain control unit (PCU)
81 functioning as a controller. Connected to the PCU 81 are
an accelerator position sensor 82 for detecting the amount by
which an accelerator pedal 1s depressed, a vehicle speed
sensor 83 for detecting a vehicle speed, a catalyst tempera-
ture sensor 84 for detecting temperatures of the front and
rear stage catalytic portions 71 and 72, a purification rate
sensor 85, configured as an O, sensor, for detecting a
purification rate of the catalytic device 7, and a battery
sensor 86 for detecting a state of charge (SOC) of the battery
22. The sensors 82-86 cach output detection signals to the
PCU 81.

The PCU 81 controls the internal combustion engine 42
by outputting a control signal to an injector 421 configured
to 1nject fuel that 1s to be supplied to the working chambers,
a spark plug 422 configured to 1gnite an air-fuel mixture 1n
the working chambers, and the throttle valve 423 configured
to regulate the amount of air that 1s to be sucked by the
internal combustion engine 42. The PCU 81 also outputs a
control signal to the inverter 23 to control the electric motor
21 and the generator 41 using the mverter 23. The PCU 81
further controls the ON/OFF states of the EHC 73.

It will now brietly be described how the PCU 81 controls
the travel of the electric vehicle 1. The PCU 81 drnives the
clectric motor 21 using the mverter 23 based on the accel-
crator position, the vehicle speed, and other factors. This
allows the electric vehicle 1 to travel based on a request from
the dniver.

The PCU 81, 11 the SOC of the battery 22 becomes equal
to or below a predetermined value (for example, a prede-
termined value that 1s set as appropriate to be 10% or less),
starts the internal combustion engine 42 to allow the gen-
erator 41 to start generating electricity (i.e., implements an
clectricity generating operating mode). At the start of the
internal combustion engine 42, the generator 41 1s supplied
with electricity to allow the generator 41 to function as a
motor. That 1s to say, the generator 41 1s used as a starter.
After the start of the internal combustion engine 42, the PCU
81 operates the internal combustion engine 42 at a preset
load and a preset rotational speed such that the generator 41
cliciently generates electricity. While the generator 41 gen-
crates electricity, the internal combustion engine 42 1s oper-
ated at a high load and a high rotational speed. The PCU 81
operates the internal combustion engine 42 such that the
SOC of the battery 22 remains at a predetermined value.

In the electric vehicle 1 including the range extender 4,
the internal combustion engine 42 1s not started to start
generating electricity (that 1s to say, the electricity generat-
ing operating mode 1s not implemented) until the SOC of the
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battery 22 falls to the predetermined value. In the electric
vehicle 1, the start frequency of the internal combustion
engine 42 1s relatively low. Since the start frequency of the
internal combustion engine 42 1s low, the internal combus-
tion engine 42 tends to be started in a cold state, and the
catalytic device 7 1s mostly inactive at the start of the
internal combustion engine 42. Thus, at the start of the
internal combustion engine 42, an increased amount of
emissions may be exhausted into the atmosphere.

Therefore, the electric vehicle 1 including this range
extender 4 1s configured to reduce exhaust of emissions at
the start of the imternal combustion engine 42. It will now be
described how the PCU 81 controls the internal combustion
engine 42 at the start of the internal combustion engine 42
with reference to the time chart shown 1n FIG. 4.

Suppose that a start flag 101 of the internal combustion
engine 42 turns ON from OFF at Time T0. In other words,
the start flag turns ON when the SOC of the battery 22 falls
to the predetermined value. If the start flag 101 turns ON, the
internal combustion engine 42 1s started to allow the gen-
crator 41 to start generating electricity.

In order to start the internal combustion engine 42, the
front stage catalytic portion 71 1s first activated. To do so, the
PCU 81 allows the EHC 73 to turn ON to heat the front stage
catalytic portion 71 disposed downstream of the EHC 73, as
indicated by the reference character 103. At that time, the
PCU 81 supplies the generator 41 with electricity to etli-
ciently heat the front stage catalytic portion 71. Allowing the
generator 41 to function as a motor drives the internal
combustion engine 42, as indicated by the reference char-
acter 102. That 1s to say, the internal combustion engine 42
1s 1dled without combustion in the internal combustion
engine 42. This generates a gas tlow 1n the exhaust passage
6 1n an upstream-to-downstream direction. The heat gener-
ated at the EHC 73 1s sent to the front stage catalytic portion
71 together with this gas flow. As shown in the reference
character 105 of FIG. 4, the temperature of the front stage
catalytic portion 71 1s gradually raised. Promoting activation
of the front stage catalytic portion 71 by operating the EHC
73 1s hereinalter referred to as an 1nitial mode.

At Time T1, the PCU 81 starts the internal combustion
engine 42. That 1s to say, as indicated by the reference
character 104, the PCU 81 allows the injector 421 to start
tuel 1injection and to drive the spark plug 422 at a predeter-
mined timing. The PCU 81 allows the generator 41 to
function as a starter at the start of the internal combustion
engine 42. The PCU 81 allows the EHC 73 to turn OFF at
the start of the internal combustion engine 42 (see the
reference character 103). The 1mitial mode ends at Time T1,
and a warm-up mode, which will be described later, will
start.

At Time T1, as indicated by the reference character 105,
the temperature of the front stage catalytic portion 71
reaches an activation temperature. A duration of the initial
mode (1.e., T1-T0) may be set in advance, and the PCU 81
may end the initial mode using a timer 801 upon elapse of
the preset duration of the imitial mode, and may start the
warm-up mode. The duration of the mnitial mode may be set
as appropriate according to the capacity of the EHC 73
and/or the operating state of the EHC 73 1n the mitial mode
(1.e., electricity supplied to the EHC 73). The duration of the
initial mode may be set to be about ten seconds to about
several ten seconds, for example. The PCU 81 may end the
initial mode based on the detected temperature of the
catalytic device 7, and may start the warm-up mode.

In the warm-up mode after the start of the internal
combustion engine 42, the PCU 81 operates the internal
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combustion engine 42 at a low load and a low rotational
speed (see the reference character 102). The output of the
internal combustion engine 42 at thus time, 1n other words,
the driving force of the mternal combustion engine 42 for
driving the generator 41 1s below a value at which the
generator 41 substantially generates electricity, which will
be described later. In the warm-up mode, the generator 41
generates a smaller quantity of electricity than a predeter-
mined quantity of electricity to promote the activation of the
catalytic device 7, in particular, the rear stage catalytic
portion 72. Since high-temperature exhaust gas exhausted
from the internal combustion engine 42 after 1ts start 1s sent
to the front and rear stage catalytic portions 71 and 72, the
temperatures of the front and rear stage catalytic portions 71
and 72 are gradually raised (see the character references 105
and 106). In the warm-up mode, the front stage catalytic
portion 71 1s active, and the output of the internal combus-
tion engine 42 1s low. This promotes activation of the rear
stage catalytic portion 72 while avoiding degradation of
emission performance.

In the operating state of the internal combustion engine 42
in the warm-up mode, supposing that the load region of the
internal combustion engine 42 1s divided equally nto two
regions, 1.e., low and high load regions, the internal com-
bustion engine 42 may be operated at a load which falls
within the low load region. Regarding the rotational speed,
supposing that the rotational speed region of the internal
combustion engine 42 1s divided equally 1nto three regions,
1.€., low, intermediate, and high rotational speed regions, the
internal combustion engine 42 may be operated at a rota-
tional speed which falls within the low rotational speed
region. Regarding the rotational speed, supposing that the
rotational speed region of the internal combustion engine 42
1s equally divided into two regions, 1.e., low and high
rotational speed regions, the internal combustion engine 42
may be operated at a rotational speed which falls within the
low rotational speed region. The internal combustion engine
42 may be operated at, e.g., 1200-1800 rpm.

At Time T2, the PCU 81 ends the warm-up mode, and
starts the electricity generating operating mode. At Time T2,
as indicated by the reference character 106, the temperature
of the rear stage catalytic portion 72 reaches an activation
temperature. A duration of the warm-up mode (1.e., T2-T1)
may be set in advance, and the PCU 81 may end the
warm-up mode upon elapse of the preset duration of the
warm-up mode, and may start the electricity generating
operating mode. The duration of the warm-up mode may be
set as appropriate according to the operating state of the
internal combustion engine 42 1n the warm-up mode. The
duration of the warm-up mode may be set to be about ten
seconds to about several ten seconds, for example. The PCU
81 may end the warm-up mode based on the detected
temperature of the catalytic device 7, and may start the
clectricity generating operating mode.

The electricity generating operating mode 1s a mode 1n
which the generator 41 (substantially) generates a predeter-
mined quantity of electricity. The PCU 81, as indicated by
the reference character 102, switches the operating state of
the internal combustion engine 42 from the low load and low
rotational speed conditions to the high load and high rota-
tional speed conditions. The output of the internal combus-
tion engine 42 1s enhanced to a value greater than that 1n the
warm-up mode so as to serve as the driving force for
generating electricity (the dniving force for generating elec-
tricity of, e.g., 10-30 KW), and the generator 41 efliciently
generates electricity. Since the front and rear stage catalytic
portions 71 and 72 are both activate (see the character
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references 105 and 106), the emission performance 1s not
degraded even if the internal combustion engine 42 1is
operated at a high load and a high rotational speed.

In the operating state of the internal combustion engine 42
in the electricity generating operating mode, supposing that
the load region of the internal combustion engine 42 1s
divided equally into two regions, 1.e., low and high load
regions, the iternal combustion engine 42 may be operated
at a load which falls within the high load region. The internal
combustion engine 42 may be operated at the full load.
Regarding the rotational speed, supposing that the rotational
speed region of the internal combustion engine 42 1s divided
equally 1nto two regions, 1.e., low and high rotational speed
regions, the internal combustion engine 42 may be operated
at a rotational speed which falls within the high rotational
speed region. The internal combustion engine 42 may be
operated at, e.g., 4000-5000 rpm. The 1nternal combustion
engine 42 may be operated at the rated speed. The generator
41 and the mternal combustion engine 42 may be set to have
their characteristics such that electricity 1s efliciently gen-
erated when the output of the internal combustion engine 42
1S maximuin.

Immediately after switching from the warm-up mode to
the electricity generating operating mode, the PCU 81
gradually raises the output of the internal combustion engine
42 1n consideration of the purification rate of the catalytic
device 7 based on the detection signal of the purification rate
sensor 85 (see the character reference 102). In the example
of FIG. 4, the PCU 81 operates the internal combustion
engine 42 such that the output of the internal combustion
engine 42 1s higher than that in the warm-up mode before
Time T3, and 1s lower than that after Time T3, 1.e., the value
of the output at the ligh load and high rotational speed
which 1s described above. This avoids degradation of emis-
sion performance. The generator 41 also generates electric-
ity during a period between Time 12 and Time T3. However,
the generator 41 generates less electricity during the period
than after Time T3. The PCU 81 does not have to raise the
engine output based on the detection of the purification rate
of the catalytic device 7. Alternatively, a period (13-12)
may be set in advance, and the engine output 1s set to be
relatively low until the elapse of the predetermined period
using a timer 801, and the PCU 81 may raise the engine
output after the elapse of the predetermined period.

As can be seen, the vehicle including the internal com-
bustion engine for driving the generator (i.e., the electric
vehicle 1 including the range extender 4) disclosed herein
includes: the generator 41 mounted in the vehicle and
configured to generate electricity for travelling; the internal
combustion engine 42 coupled to the generator 41 and
configured to drive the generator 41; the catalytic device 7
provided 1n the exhaust passage 6 of the internal combustion
engine 42 and configured to purily exhaust gas exhausted
from the internal combustion engine 42 during the operation
ol the mternal combustion engine 42; and the controller (i.e.,
the PCU 81) configured to control the operation of the
internal combustion engine 42.

At the start of the internal combustion engine 42 to allow
the generator 41 to start generating electricity, the PCU 81,
until the catalytic device 7 reaches the activated state,
operates the internal combustion engine 42 1n the warm-up
mode such that the driving force of the internal combustion
engine 42 1s below a value at which electricity 1s generated
alter the catalytic device 7 reaches the activated state, and
the PCU 81, after the catalytic device 7 reaches the activated
state, operates the internal combustion engine 42 in the
clectricity generating operating mode such that the driving
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force of the internal combustion engine 42 1s enhanced to the
value at which electricity 1s generated to allow the generator
41 to generate a predetermined quantity of electricity.
With such a configuration, the internal combustion engine
42 1s operated i1n the warm-up mode. As a result, the
temperature of the exhaust gas i1s raised and thus, the

temperature of the catalytic device 7 1s raised. A smaller
amount of emissions 1s exhausted from the internal com-
bustion engine 42 since the output of the internal combus-
tion engine 42 1s low and a smaller quantity of fuel 1s
supplied to the internal combustion engine 42. With the
gradual rise 1n temperature of the catalytic device 7 1n the
warm-up mode, the purification rate of the catalytic device
7 1s enhanced. This avoids degradation of emission perfor-
mance. In the warm-up mode, the activation of the catalytic
device 7 1s promoted while degradation of emission perfor-
mance 1s avoided.

If the catalytic device 7 reaches the activated state, the
clectricity generating operating mode 1s implemented. Thus,
the output of the internal combustion engine 42 1s enhanced.
The generator 41 starts generating a predetermined quantity
of electricity. In the electricity generating operating mode,
the catalytic device 7 1s activated, and thus, emission per-
formance 1s not degraded.

The warm-up mode 1s implemented prior to the start of the
internal combustion engine 42 to allow the generator 41 to
starts (substantially) generating a predetermined quantity of
clectricity. This avoids degradation of emission perfor-
mance. Also, this allows the generator 41 to rapidly start the
clectricity generation.

The PCU 81, after switching from the warm-up mode to
the electricity generating operating mode, changes the oper-
ating state of the mnternal combustion engine 42 such that the
clectricity generation ability of the generator 41 1s gradually
enhanced. That 1s to say, the output of the internal combus-
tion engine 42 1s gradually enhanced along with the increase
in purification rate of the catalytic device 7 1n the electricity
generating operating mode, thereby making 1t possible to
further improve the emission performance.

The electric vehicle 1 further includes an electric heater
(1.e., the EHC 73) disposed upstream of the catalytic device
7 1 the exhaust passage 6 and configured to heat the
catalytic device 7. The PCU 81 implements the initial mode
of heating the catalytic device 7 by operating the EHC 73
prior to the warm-up mode.

This allows the EHC 73 to heat the catalytic device 7 1n
the initial mode, thereby making 1t possible to promote
activation of the catalytic device 7 without exhausting
emissions into the atmosphere.

The generator 41 1s a generator motor capable of driving
the internal combustion engine 42, and the PCU 81 allows
the generator 41 to drive the internal combustion engine 42
in the mitial mode.

Driving the imternal combustion engine 42 generates a gas
flow 1n the exhaust passage 6 1n an upstream-to-downstream
direction. The heat generated at the EHC 73 1s sent to the
catalytic device 7 together with this gas tflow. This may
ciliciently raise the temperature of the catalytic device 7.

The catalytic device 7 includes the front stage catalytic
portion 71, and the rear stage catalytic portion 72 disposed
downstream of the front stage catalytic portion 71. The PCU
81, 1n the 1nitial mode, heats the front stage catalytic portion
71 using the EHC 73 until the front stage catalytic portion
71 reaches an activated state, and implements the warm-up
mode after the front stage catalytic portion 71 reaches the
activated state. The PCU 81 also implements the electricity
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generating operating mode after the rear stage catalytic
portion 72 reaches an activated state in the warm-up mode.

This allows the EHC 73 to activate the front stage
catalytic portion 71 1n the imitial mode. This allows for
activating the front stage catalytic portion 71 without start-
ing the internal combustion engine 42. After the front stage
catalytic portion 71 reaches the activated state, the internal
combustion engine 42 1s started. This avoids degradation of
emission performance since the front stage catalytic portion
71 1s activated.

In the warm-up mode, high-temperature exhaust gas
exhausted from the internal combustion engine 42 promotes
activation of the rear stage catalytic portion 72. This allows
tor rapidly raising the temperature of the rear stage catalytic
portion 72 while avoiding degradation of emission perior-
mance. In the warm-up mode of operating the internal
combustion engine 42, the operation of the EHC 73 1s
stopped. This reduces electricity consumption. Also, the
EHC 73 1s used only to activate the front stage catalytic
portion 71, and thereby may have a small capacity. This may
reduce the size and weight of the EHC 73.

If the front and rear stage catalytic portions 71 and 72 are
both activated, the electricity generating operating mode 1s
implemented. Although the output of the internal combus-
tion engine 42 1s enhanced to start (substantially) generating,
a predetermined quantity of electricity, emission pertor-
mance 1s not degraded since the front and rear stage catalytic
portions 71 and 72 are both activated.

Here, in the warm-up mode, the generator 41 may be
allowed to generate so small quantity of electricity as to be
negligible (for example, generating electricity of about 1
KW).

In the above configuration, the EHC 73 1s allowed to turn
ON 1n the mitial mode to raise the temperature of the front
stage catalytic portion 71 to activate the front stage catalytic
portion 71. In a configuration with no EHC 73, the internal
combustion engine 42 may be started in the mitial mode, and
the output thereol may be set to be lower than that i the
warm-up mode. This may promote the activation of the front
stage catalytic portion 71 in the mitial mode while avoiding
degradation of emission performance.

In the example of control shown in FIG. 4, the three
modes, 1.¢., the mitial, warm-up, and electricity generating
operating modes are set prior to the start of electricity
generation by the generator 41. Of these modes, the 1nitial
mode may be omitted. In this case, if the engine start flag
turns ON, the internal combustion engine 42 1s started to
start the warm-up mode. The output of the internal combus-
tion engine 42 1s set to be lower 1n the warm-up mode than
that in the electricity generating operating mode. This pro-
motes the activation of the front stage catalytic portion 71 in
the warm-up mode while avoiding degradation of emission
performance. If the front stage catalytic portion 71 1s acti-
vated, a transition may be made to the electricity generating,
operating mode, and the generator 41 may be allowed to
start generating electricity while the activation of the rear
stage catalytic portion 72 1s promoted.

Furthermore, the catalytic device 7 has the front and rear
stage catalytic portions 71 and 72 in the above configuration.
Alternatively, the catalytic device 7 may have only one
catalytic portion.

In addition, the mternal combustion engine 42 1s config-
ured as a rotary piston engine in the above configuration.
Alternatively, the internal combustion engine 42 may be
configured as a reciprocating engine.

The technique disclosed herein 1s applicable not only to
the electric vehicle 1 including the range extender but also
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to a so-called plug-in hybrid vehicle. That 1s to say, in the
vehicle 1n which the mternal combustion engine 42 1s not
started to allow the generator 41 to start generating elec-
tricity until the SOC of the battery 1s lowered, the catalytic
device 7 may be mostly mactive at the start of the internal
combustion engine 42. The technique disclosed herein may
avoid degradation of emission performance at the start of the
internal combustion engine 42, and thus, 1s also suitable to
a plug-in hybnid vehicle.

What 1s claimed 1s:

1. A vehicle comprising:

a generator mounted 1n the vehicle and configured to
generate electricity for travelling;

an 1nternal combustion engine coupled to the generator
and configured to drive the generator;

a catalytic device provided 1n an exhaust passage of the
internal combustion engine and configured to purily
exhaust gas exhausted from the internal combustion
engine during an operation of the internal combustion
engine; and

a controller configured to control the operation of the
internal combustion engine, wherein

at a start of the mternal combustion engine to allow the
generator to start generating electricity,

the controller, until the catalytic device reaches an acti-
vated state, operates the internal combustion engine 1n
a warm-up mode such that a driving force of the
internal combustion engine for driving the generator 1s
below a value at which electricity 1s generated after the
catalytic device reaches the activated state,

the controller, after the catalytic device reaches the acti-
vated state, operates the internal combustion engine in
an electricity generating operating mode such that the
driving force of the internal combustion engine 1is
enhanced to the value at which electricity 1s generated
to allow the generator to generate a predetermined
quantity of electricity,

the device further comprises an electric heater disposed
upstream of the catalytic device 1n the exhaust passage
and configured to heat the catalytic device,

the controller implements an 1nitial mode of heating the
catalytic device by operating the electric motor prior to
the warm-up mode,

the generator 1s a generator motor capable of driving the
internal combustion engine, and

the controller allows the generator to drive the internal
combustion engine 1n the iitial mode.

2. The vehicle of claim 1, wherein

the catalytic device includes a front stage catalytic portion
and a rear stage catalytic portion disposed downstream
of the front stage catalytic portion, and

the controller implements the electricity generating oper-
ating mode after the front stage catalytic portion
reaches an activated state in the warm-up mode.

3. The vehicle of claim 1, wherein

the controller, atter switching from the warm-up mode to
the electricity generating operating mode, changes an
operating state of the internal combustion engine such
that an ability of the generator to generate electricity 1s
gradually enhanced.

4. The vehicle of claim 1, wherein

the catalytic device includes a front stage catalytic portion
and a rear stage catalytic portion disposed downstream
of the front stage catalytic portion,

the vehicle further comprises an electric heater disposed
upstream of the catalytic device 1n the exhaust passage
and configured to heat the catalytic device,
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the controller allows the electric heater to heat the cata-
lytic device until the front stage catalytic portion
reaches an activated state prior to the warm-up mode,
and implements the warm-up mode after the front stage
catalytic portion reaches the activated state, and

the controller implements the electricity generating oper-
ating mode after the rear stage catalytic portion reaches
an activated state in the warm-up mode.

5. The vehicle of claim 4, wherein

the controller receives a count signal from a timer, and

the controller outputs a signal for stopping the electric
heater and a signal for starting the warm-up mode upon
clapse of a first preset duration based on the count
signal, and outputs a signal for switching from the
warm-up mode to the electricity generating operating
mode upon elapse of a second preset duration based on
the count signal.

6. The vehicle of claim 1, wherein

the controller receives a count signal from a timer, and

the controller outputs a signal for switching from the
warm-up mode to the electricity generating operating,
mode upon elapse of a preset duration based on the
count signal.

7. The vehicle of claim 1, wherein

the controller receives a count signal from a timer, and

the controller outputs a signal for switching from the
initial mode to the warm-up mode upon elapse of a
preset duration based on the count signal.

8. The vehicle of claim 1, wherein

the vehicle includes a travelling electric motor configured
to be operated with electricity of a battery, and

the generator and the imternal combustion engine serve as
a range extender configured to extend a cruising dis-
tance of the vehicle 1f an SOC of the battery 1s lowered.

9. A vehicle comprising:

a generator mounted in the vehicle and configured to
generate electricity for travelling;

an internal combustion engine coupled to the generator
and configured to drive the generator;

a catalytic device provided 1n an exhaust passage of the
internal combustion engine and configured to purily
exhaust gas exhausted from the internal combustion
engine during an operation of the internal combustion
engine;

a catalyst temperature obtaining umt configured to obtain
a temperature mformation of the catalytic device; and

an engine controller configured to receive a signal from
the catalyst temperature obtaining unit and output a
control signal to the internal combustion engine,
wherein

at a start of the internal combustion engine to allow the
generator to start generating electricity,

the engine controller, until the catalytic device reaches an
activated state based on a signal from the catalyst
temperature obtaining unit, outputs a signal for oper-
ating the internal combustion engine such that a driving
force of the internal combustion engine for driving the
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generator 1s below a value at which electricity 1s
generated after the catalytic device reaches the acti-
vated state,

the engine controller, after the catalytic device reaches the
activated state based on a signal from the catalyst
temperature obtaining unit, outputs a signal for oper-
ating the internal combustion engine such that the
driving force of the internal combustion engine 1s
enhanced to the value at which electricity 1s generated
to allow the generator to generate a predetermined
quantity of electricity,

the device further comprises an electric heater disposed
upstream of the catalytic device 1n the exhaust passage
and configured to heat the catalytic device, and

the engine controller outputs a signal for operating the
clectric heater prior to the start of the internal combus-
tion engine, and outputs, based on a signal from the
catalyst temperature obtaining unit, a signal for stop-
ping the electric heater and a signal for starting the
internal combustion engine.

10. The vehicle of claim 9, wherein

the 1nternal combustion engine includes an injector con-
figured to 1inject tuel that 1s to be supplied to a chamber,
a spark plug configured to 1gnite an air-fuel mixture 1n
the chamber, and a throttle valve configured to regulate
an amount of air that 1s to be introduced into the
chamber, and

the engine controller outputs a control signal to each of

the 1njector, the spark plug, and the throttle valve.
11. A method of driving a generator using an internal

combustion engine 1n a vehicle, the method comprising:

starting the internal combustion engine configured to
drive the generator;

until a catalytic device configured to purily exhaust gas
exhausted from the internal combustion engine reaches
an activated state, operating the internal combustion
engine such that a dnving force of the internal com-
bustion engine for driving the generator 1s below a
value at which electricity 1s generated after the catalytic
device reaches the activated state:

after the catalytic device reaches the activated state,
operating the internal combustion engine such that the
driving force of the internal combustion engine 1s
enhanced to the value at which electricity 1s generated
to allow the generator to generate a predetermined
quantity of electricity,

operating an electric heater configured to heat the cata-
lytic device prior to the start of the internal combustion
engine, and

driving the internal combustion engine by the generator
when the electric heater 1s 1n operation.

12. The method of claim 11, further comprising

changing an operating state of the internal combustion
engine such that an ability of the generator to generate
clectricity 1s gradually enhanced.
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